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3 , ( $z>0$
$u(\lambda, y, \approx)=(U/2,0,0),$ $\approx<0$ $(-U/2,0,0)$ ) , (x)
(v) .
;
$\frac{\partial}{\partial t}R(\lambda_{1}, \lambda_{2}, t)=-\frac{1}{4\pi}p.v.\int\int_{S}\frac{X\cross W(\lambda_{1}’,\lambda_{2}’,t)}{|X|^{3}}d\lambda_{1}’d\lambda_{2}’$ , (1)
,
$X\equiv R(\lambda_{1}, \lambda_{2},t)-R(\lambda_{1}’, \lambda_{2}’,t)$ ,
$W\equiv(\partial\Phi/\partial\lambda_{1})(\partial R/\partial\lambda_{2})-(\partial\Phi/\partial\lambda_{2})(\partial R/\partial\lambda_{1})$ ,
$\lambda_{1},$ $\lambda_{2}$ $S$ Lagrange $R(\lambda_{1}, \lambda_{2}, t)$ $t$
$S$ , $\Phi(\lambda_{1}, \lambda_{2})$ $S$
. $\Phi(\lambda_{1:}\lambda_{2})$ (1) (Lagrallge ) .
Lagrange $(\partial\Phi/\partial\lambda_{2})=0$ , $(\partial\Phi/\partial\lambda_{1})$ $\lambda_{1}$
. , $(\partial\Phi/\partial\lambda_{1})=const\equiv\gamma_{0}$ . , $\circ/0/U^{2}$
$\gamma_{0}/U$ . 2 $W$ , 3
.
;
$R(\lambda_{1}, \lambda_{2},0)=(\lambda_{1}, \lambda_{2},0)+(\epsilon_{2}\sin\lambda_{2}\delta, 0, \epsilon_{1}\sin\lambda_{1})$. (2)
2\pi $2\pi/\delta$ . Moore
, $\epsilon_{2}=0$ 2 . 3
,
$0<\epsilon_{1}\ll 1$ , $\epsilon_{2}=O(\epsilon_{1})$ , (3)
.
(1) Lagrange . , $R$
;
$R(\lambda_{1}, \lambda_{2}, t)$ $\equiv$ $(\lambda_{1}, \lambda_{2},0)$
$+$
$\sum_{717n}A_{n,m}(t)\exp\{i(\lambda_{1}n+\lambda_{2}\delta m)\}$ . (4)
151
, $R(-\lambda_{1}, -\lambda_{2}, t)=-R(\lambda_{1}, \lambda_{2}, t)$ , $A_{-n,-m}=-A_{n,m}$ .
(2) , $A_{n,m}=O(\epsilon_{1})$ , (1) $\epsilon_{1}$
. (4) (1) , $\exp\{i(\lambda_{1}n+\lambda_{2}\delta m)\}$ ,
$A_{n,m}\equiv(X_{l,m}, l_{n,m}^{\Gamma}, Z_{n,m})$ ;
$\frac{d}{dt}(\begin{array}{l}\wedge\lambda_{\prime\iota,n\iota}’\prime]_{||n}Z_{\prime|n\iota}\end{array})=\frac{1}{2}(\begin{array}{lll}0 0 n^{2}(n^{2}+\delta^{2}m^{2})^{-\frac{1}{2}}0 0 \delta nm(n^{2}+\delta^{2}m^{2})^{-\frac{1}{o\sim}}(?\iota^{2}+\delta^{2}n\iota^{2})^{\underline{\frac{1}{\supset}}} 0 0\end{array}) (\begin{array}{l}X_{n,m}Y_{n,m}Z_{?,m}\end{array})+P$. )
$P$ $\{A_{p,q}\}$ .
(2) , $P$ $Z_{1,0^{-}}^{n}\lambda_{0,1}^{\prime m}=O(\epsilon_{1^{n|}}^{1}\epsilon_{2^{m}}^{||})$ .
$A_{??,7\eta}=O(\epsilon_{1^{n|}}^{1}\epsilon_{2^{m|}}^{1})$ .
22 1
$\epsilon_{1}=\epsilon_{2}$ , 1 . $A_{n,m}=O(\epsilon_{1^{n|+|m|}}^{1})$ ,
$P$ $O(\epsilon_{1}^{N})$ , . (2) ,
$\lambda_{0,1}’,$ $-\wedge\cdot 1_{0.-1}’,$ $Z_{1,0},$ $-Z_{-1,0}$ -(\epsilon 1/2)i, $0$ . , $N=6$
, $\epsilon_{1}=0.001$ , .
$X_{\iota,0},$ $(n=1,2, \cdot\cdot, 6)$ , 1 . 1 , $t_{c}\sim 10$ $X_{\eta},0$
,, $n^{-p},p\sim 2.5$ . , Moore(1979) 2
( $t_{c}$ $1+t_{c}/2+\ln(\epsilon_{1}t_{c}/4)=0$ , $p=- 5/2$ )
, $A_{\iota.0}$ 2 .
2 , $\ln|X_{n,0}|$ $\ln n$ $(t=103)$
$X_{71,7?1}$ , $(???$. $=0,1,2,3)$ /?. . , $X_{n,1}$ $n$ $?l^{-p},p\sim 1.\check{o}$




, . , Moore(1979) ,
;
$A_{n,m}$ $=$ $\epsilon_{1}^{|n|}\epsilon_{2}^{|m|}A_{n,m}^{(0)}+\epsilon_{1}|\epsilon_{2}A_{n\underline,7n}^{(,0)}+\cdots$
$+$ $\epsilon_{1}^{|n|}\epsilon_{2}^{|m|+2}A_{n,7?l}^{(0,2)}+\cdots$ . $(’-)$
(7) (5) , , $\{A_{nm}^{(0)}\}$
. $A_{l}^{\{3_{nt}}$) , $A_{n,\pm m}^{(0)}$
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$P$ , $\uparrow t,$ $?71$ , $A_{p,q}^{\{0)}(0\leq p\leq n, 0\leq\pm q\leq m, 0<p\pm q<n+\uparrow n)$
. $A_{71m}^{(0)}$ , , $n,$ $m$
1\sim , ??1- .
2 , 3 ,
$A_{n,\pm m}^{(0)}$ . A , (2)







$X_{n,\pm(m+1)}/X_{n,\pm m}\simeq\epsilon_{2}t^{2}$ , (9)
)””, $Z$ . , (3) $??\iota$
.
$A_{n,,,\iota}^{(0)}$ (8) $a_{n,\pm m}^{(0)}\equiv(a_{n,\pm}^{(0)}7?i’ b_{n,\pm m}^{(0)}, c_{n,\pm rn}^{(0)})$
( Ishihara &Kaneda(1994) ). , $m=0$
, $7\sim:1$ ,
$a_{1,0}^{(0)}=b_{1,0}^{(0)}=0$ , $c_{1,0}^{(0)}=1$ ,
$n\geq 2\text{ ^{}\backslash }$ ,
$a_{n,0}^{(0)}= \frac{1}{2(n-1)}\sum_{k=1}^{n-1}kla_{k,0}^{\langle 0)}a_{n-k,0}^{(0)}$ , $a_{n,0}^{(0)}=c_{n,0}^{(0)}$ , $b_{n,0}^{(0)}=0$ , (10)
$m=1$ , $n=0$ ,
$a_{0,\pm 1}^{(0)}=b_{0,\pm 1}^{(0)}=0,$ $c_{0,\pm 1}^{(0)}=1$
$n\geq 1$ ,
$2 \uparrow l(n+1)c_{n,\pm I}^{(0)}=\sum_{k\backslash =1}^{n}\{n^{2}k-(/\iota l+k^{2})\sqrt{\uparrow l^{2}+\delta^{2}}+\frac{kl^{2}\sqrt{\uparrow\tau^{2}+\delta^{\underline{9}}}}{\sqrt{l^{2}+\delta^{2}}}+\frac{nl(nl+\delta^{2})}{\sqrt{l^{2}+\deltaarrow}}\}c_{l,\pm 1}^{(0)}a_{k\cdot,0}^{(0)}$ ,
(11)
$a_{n,\pm 1}^{(0)}= \frac{n}{\sqrt{n^{2}+\delta^{2}}}c_{n,\pm 1}^{(0)}$ , (12)
$b_{n,\pm 1}^{(0)}= \frac{\pm\delta}{\sqrt{n^{2}+\delta^{2}}}c_{n,\pm 1}^{(0)}$ , (13)
153
$l=lt-k$ . $\uparrow\tau\iota=2,3,$ $\cdots$ .\acute
.
(10) , $\perp\backslash$-Ioore 2 ,
$a_{n,0}^{(0)}=c_{7l}^{(0)}0\simeq e^{l1}\uparrow l^{-5/2}$ . (11) ,
\delta $c_{n,1}^{(0)}$ , $n$ $e^{n}n^{-3/2}$ .
(12) (13) , $a_{n,\pm 1}^{(0)},$ $b_{n_{\backslash }\pm 1}^{\langle 0)}$ , $n$ # $e^{n_{1l}-3/2}$ ,
$e^{11}\uparrow\tau^{-5/2}$ . (8) , $t$ $\uparrow l$ \iota ,
$\epsilon_{1}^{n}\epsilon_{2}(\lambda_{n}’Y_{(0)^{)}}^{(0)}Z_{n,\pm 1}^{n,\pm 1}(0^{\pm 1})\simeq\frac{i}{4}\delta\epsilon_{2}(\begin{array}{l}\mp C_{a}n^{-\frac{3}{2}}C_{b^{1l^{-\underline{\frac{5}{9}}}}}\mp C_{c}n^{-\frac{3}{2}}\end{array})f(t)$ , (14)
. ,
$f(t) \equiv t\exp\{\uparrow x(1+\frac{t}{2}+\ln(\frac{\epsilon_{1}t}{4}))\}$ ,





$V(r)=p.\backslash 7\int\int_{S}(\nabla G)\cross W(\lambda_{1}’, \lambda_{\underline{9}}’,t)d\lambda_{1}’d\lambda_{\underline{9}}’$. (15)
$G \equiv G(R, R’)\equiv\frac{1}{4\pi}\frac{1}{|R-R’|}$ , (16)
$R\equiv R(\lambda_{1}, \lambda_{2}, t)$ $R’\equiv R(\lambda_{1}’, \lambda_{2}’, t)$ , $\nabla\equiv\frac{\partial}{\partial R}$ .
2 Krasny(1986) 3 , (15)
$G=(1/4\pi)|R-R’|^{-1}$
$G_{\epsilon} \equiv G_{\epsilon}(R, R’)\equiv\frac{1}{4\pi}\frac{1}{(|R-R’|^{2}+\epsilon^{2})^{1/2}}$ (17)
, . $\epsilon$
, $\epsilonarrow 0$ $G_{\epsilon}arrow G$ . ,
$\frac{\partial R(\lambda_{1},\lambda_{2},t)}{\partial t}=-\frac{1}{4\pi}\int\int_{S}\frac{X\cross W(\lambda_{1}’,\lambda_{2}’,t)}{(|X|^{2}+\epsilon^{2})^{3/2}}d\lambda_{1}’d\lambda_{2}’$ . (18)
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.
, (18) . ,
.
$R(\lambda_{1}, /\backslash 2,0)=(\begin{array}{l}\lambda_{1}\lambda_{\underline{9}}0\end{array})+(\begin{array}{l}\epsilon_{2}sin(2\pi\lambda_{-},/b)0\epsilon_{1}sin(2\pi\lambda_{1}/c\iota)\end{array})$ . (19)
3.2 2 Green
(19) , $t\geq 0$ ;
$W(\lambda_{1}+a, \lambda_{2}+b,t)=W(\lambda_{1}, \lambda_{2}, t)$, (20)
$R(\lambda_{1}+a, \lambda_{2}+b,t)=R(\lambda_{1}, \lambda_{2},t)+ae_{1}+be_{2}$ , (21)
$e_{1}\equiv(1,0,0),$ $e_{2}\equiv(0,1,0)$ . (15) $S$ , $[0, a]\cross[0, b]$
;
$\int\int_{S}(\nabla G_{\epsilon})\cross W’d\lambda_{1}’d\lambda_{-}’,=\int_{0}^{a}\int_{0}^{b}(\nabla\hat{G}_{\epsilon})\cross W’d\lambda_{1}’d\lambda_{2}’$, (22)
$\hat{G}_{\epsilon}\equiv\frac{1}{4\pi}\sum_{l=-\infty}^{\infty}\sum_{m=-\infty}^{\infty}\frac{1}{r_{\epsilon}(n,\uparrow n)}$ , (23)
$r_{\epsilon}(n, \uparrow\uparrow\iota)\equiv[\backslash \cdot$
, (23)
$\nabla\hat{C_{\tau_{\in}}}=\frac{1}{4\pi}\sum_{\prime?=-\infty}^{\infty}\sum_{\prime n=-\infty}^{\infty}(\begin{array}{l}\triangle x+an\triangle y+b_{7}n\triangle\sim\gamma\end{array})\frac{1}{r_{\epsilon}(n,\uparrow?r)^{3}}$ (24)
. $(\triangle x, \triangle y, \triangle\approx)\equiv(x’-x, y’-y, \approx’-\sim\gamma)$ . (24)
, $\uparrow l,$ $???$. . $?l,$ $1$






$(\nabla\hat{C_{\tau_{\epsilon}}})_{x}$ $=$ $\frac{1}{4\pi}\Gamma(3/2)^{-1}\sum_{n=-\infty}^{\infty}\sum_{m=-\infty}^{\infty}(\triangle x+an)\int_{0}^{\infty}e^{-r_{\epsilon}(n,m)^{2}\beta}\beta^{-1/2}d\beta$ (26)
$=$ $\frac{1}{4\pi}\Gamma(3/2)^{-1}(I_{x}+O_{x})$ , (27)
$I_{x}$ $\equiv$ $\sum_{n=-\infty}^{\infty}\sum_{m=-\infty}^{\infty}(\triangle x+an)\int_{0}^{A}e^{-r_{\epsilon}(n,\prime n)^{\underline{\supset}}\beta}\beta^{-1/2}d\beta$, (28)
$O_{\lambda}$. $\equiv$ $\sum_{n=-\infty}^{\infty}\sum_{m=-\infty}^{\infty}(\triangle x+an)\int_{A^{\infty}}e^{-r_{\epsilon}(n,m)^{2}\beta}\beta^{-1/2}d\beta$ , (29)
. $A$ ,
. (Baker. Meiron &Orszag(1984) , $A=1$ )
$O_{n}$. , ;
$O_{ix}= \sum_{n=-\infty}^{\infty}\sum_{7n=-\infty}^{\infty}(\Delta_{\backslash }x+an)\phi_{1/2}(r_{\epsilon}(n, m)^{2})$, (30)
$\phi_{1/2}($ $\iota’)$ $\equiv$ $\int_{A^{\infty}}\beta^{1/2}e^{-\alpha\cdot\beta}d\beta$
$=$ $\frac{A^{1/2}}{x}e^{-Ax}+\frac{1}{2}\sqrt{\pi}x^{-3/2}erfc(\sqrt{Ax})$ . (31)
$A$ , (30) $\uparrow l,$ $??l$ .
$y$ , \tilde \gamma $O_{y}$ , O .
$I_{\lambda^{\backslash }}$ , , $t\equiv 1/\beta$ ,
$I_{\alpha}$. $= \int_{1/}^{\infty_{A}}t^{-5/2}\sum_{n=-\infty}^{\infty}\sum_{m=-\infty}^{\infty}(an+\triangle x)e^{-r_{\epsilon}(n,m)^{2}/t}dt$ , (32)
.
$\sum_{7\eta=-\infty}^{\infty}e^{(bm+\Delta y)^{\underline{o}}/t}=\frac{\sqrt{\pi t}}{b}\sum_{n\ddagger=-\infty}^{\infty}e^{-7r^{2}7n^{2}t/b^{2}}\cos(2\pi\uparrow??.\triangle y/b)$, (33)
$\sum_{\}l=-\infty}^{\infty}(a\uparrow l+\triangle x)e^{(on+\Delta x)^{2}/t}=\frac{(\pi t)^{3/-}}{a^{\underline{9}}}\sum_{n=-\infty}^{\infty}e^{-\pi^{2_{??t/a^{2}}^{\underline{\supset}}}}$ rr $\sin(2\pi n\triangle x/a)$ , (34)
,




$f( \triangle\approx, ?l, 1\eta)\equiv\int_{1/}^{\infty_{A}}t^{-1/2}\exp\{-\pi^{2}(\frac{n^{2}}{a^{2}}+\frac{m^{2}}{b^{2}})\}\exp\{-(\triangle z^{2}+\epsilon^{2})/t\}dt$ .
, \approx
$I_{y}= \frac{4\pi^{-}}{c\iota b^{2}}\sum_{n=0}^{\infty}\sum_{m=0}^{\infty}uf(n)u;(\uparrow\uparrow x)\cos(2\pi n\triangle x/a)m\sin(2\pi m\triangle y/b)f(\triangle\approx, n, \uparrow)z)$ , (36)
$I_{-,\sim}= \frac{4\pi}{ab}\sum_{\prime\iota=0_{7}}^{\infty}\sum_{n=0}^{\infty}w(n)u’(\uparrow 7?,)\cos(2\pi n\triangle x/a)\cos(2\pi m\triangle y/b)\triangle\approx g(\triangle\sim\gamma n, \uparrow 71)_{;}$. (37)
.
$g( \triangle z, \uparrow\iota, m)\equiv\int_{1/}^{\infty_{A}}t^{-3/2}\exp\{-\pi^{2}(\frac{n^{2}}{a^{2}}+\frac{m^{2}}{b^{2}})\}\exp\{-(\triangle z^{2}+\epsilon^{2})/t\}di$ .
$f(\triangle\approx, n, 1?l),$ $g(\triangle\approx, n., ???.)$ . (Bal\’ier, Me-
iron&Orszag(1984) ) $I_{x},$ $I_{y},$ $I_{\approx}$
.
, $\triangle\sim\gamma\ll 1$ \epsilon $\ll 1$ , $f(\triangle\sim\sim, n, rn),$ $g(\triangle z, n, \uparrow n)$
.
$f(\triangle\approx, \uparrow?$. $\uparrow??-)=\phi_{-1/2}^{(n,n?)}-\phi_{-3/2}^{(n,m)}\cdot(\triangle\approx^{2}+\epsilon^{2})+O((\triangle\approx^{2}+\epsilon^{2})^{2})$ , (38)
$g(\Delta_{\sim}^{\sim}, ??., ?7?)=\phi_{-3/2}^{(r?.77l)}-\phi_{-\overline{:)}/2}^{(7?,7n)}\cdot(\triangle\approx^{2}+\epsilon^{2})+O((\triangle\approx^{2}+\epsilon^{2})^{2})$ , (39)
$\phi_{s}^{(n,m)}\equiv\phi_{s}(\pi^{2}(n^{2}/a^{2}+m^{2}/b^{2}))$ , $\phi_{s}(x)\equiv\int_{1/}^{\infty_{A}}\beta^{s}e^{-x\beta}d\beta$ . (40)









, $\sum_{7?=0}^{N_{n\tau ax}^{(i)}}\sum_{71?=0}^{M_{nlax}^{(i)}}$ (42)
$I_{\{x,y,z\}}$
$\phi_{s}^{(n,m)}$ , ,
, $O_{\{\alpha\cdot,y,\approx\}}$ $\phi_{1/2}(r_{\epsilon}(\uparrow l, 1?l)^{2})$ , $r_{\epsilon}(n, ???)$
, . , $A$
Nn(?oa)\alpha \Delta kloa)4 ,
. $a=b=1.0$ ,
$\Lambda^{r_{7nax}^{(0)}}=\mathbb{J}/’I_{n1(\iota\alpha}^{(0)}$. $=1,$ $N_{\max}^{(j)}=\Lambda I_{7)\iota ax}^{(i)}=5,$ $A=9.0$ .
3.3
Lagrange . , LagraJlge
$0\leq\lambda_{1}\leq 1,0\leq\lambda_{2}\leq 1$ $\wedge T^{2}$ .
$R(\lambda_{1}, \lambda_{2}, t)$ , $\wedge T^{2}$
$R(I, J)\equiv R((I-1)\triangle\lambda_{1}, (J-1)\triangle\lambda_{2},$ $t$ ),
. $I,$ $J=1,2,$ $\cdots,$ $\Lambda^{T},$ $\triangle\lambda_{1}=1/\Lambda^{T}$ .
(22) , $\wedge T^{2}$
$\frac{dR(I,J)}{c1t,}=\sum_{I=1}^{N}\sum_{J=1}^{M}(\nabla\hat{C_{7}}\epsilon)(I, J, I’, J’)\backslash \cross W(I’,\dot{J}’)\triangle\lambda_{1}\triangle\lambda_{2}$ , (43)
. $(\nabla\hat{C_{\tau_{\epsilon}}})(I_{\dagger}J, I’, J’)\equiv(\nabla\hat{C_{\tau_{\epsilon}}})(R(I, J),$ $R(I’, J’))$ ,
. $W(I’, J’)$ $\lambda_{2}$ , .
(43) , 4 .
3.4
, $\epsilon=0.1$ , (19)
$\epsilon_{1}=0.1,$ $\epsilon_{2}=0.05$ , $30\cross 30,4$
$\triangle t=0.02$ .
3 . , 3
.
4 , $t=1.2$





2 , 2 3
, 3
. $(n, 1)$ $nt$ $n^{-3/2}$
.
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